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1

CONTROL FOR A SHEET STACK
SUPPORTING PLATFORM

BACKGROUND OF THE INVENTION

The present invention relates 1n general to supporting
platforms for sheet stacks for reproduction apparatus, and
more particularly to a control for the sheet stack supporting
platform of a reproduction apparatus which accommodates
for a selected parameter of a supported sheet supply stack to
maintain the topmost sheet in such supply stack in proper
relation with a sheet feed head assembly.

In typical reproduction apparatus such as copiers or
printers, for example, mformation 1s reproduced on indi-
vidual cut sheets of receiver material such as plain bond
paper or transparencies. Receiver sheets, of the various
types, are stored 1n stacks and respectively fed seriatim from
such stacks when copies are to be reproduced thereon. The
sheet feeder for the reproduction apparatus must be able to
handle a wide range of sheet types and sizes reliably and
without damage. Sheets must be accurately fed individually

from the sheet stack; that 1s, without misfeeds or multi-
feeds.

A recently described highly efficient and reliable sheet
feeder 1s shown 1n U.S. Pat. No. 5,344,133, 1ssued Sep. 6,
1994, 1n the name of Jantsch et al. In such apparatus, a stack
of sheets 1s stored 1 a supply hopper. A sheet feed head
assembly, 1ncluding a plenum, a vacuum source 1 flow
communication with the plenum, and a mechanism, such as
a feed belt associated with the plenum, urges a sheet
acquired by vacuum 1n a sheet feeding direction away from
the sheet supply stack. The sheet supply stack 1s supported
so as to maintain the topmost sheet in such stack at a
predetermined level 1n spaced relation with respect to the
urging mechanism of the sheet feed head assembly. A first
positive air supply directs a flow of air at the sheet supply
stack to levitate the top several sheets 1n the supply stack to
an elevation enabling the topmost sheet to be acquired by
vacuum from the sheet feed head assembly plenum; and a
second positive air supply directs a flow of air at an acquired
sheet to assure separation of any additional sheets adhering
to such topmost sheet.

It 1s clear that the sheet stack must be maintained in
operative relation with the sheet feed head assembly to
assure desired sheet feed from the stack. In the aforemen-
tioned sheet feeder, a stack height sensor monitors the
location of the topmost sheet in the stack. An platform drive
then maintains that topmost sheet within an operating win-
dow relative to the sheet feed head assembly. However, the
welght of the stack of sheets has an adverse effect on proper
location of the stack relative to the sheet feed head assembly.
That 1s, the drive for the sheet supply platform 1s subjected
to different requirements for different stack weights. This 1s
true even for a stack as it 1s depleted during the feeding of
the sheets since the weight of the stack i1s consistently
changing as the sheets are being fed therefrom.

SUMMARY OF THE INVENTION

In view of the foregoing discussion, this invention 1s
directed to a sheet feeder having a platform for supporting
a stack of sheets, a feed head assembly for feeding sheets
seriatim from the top of a sheet supply stack on the platform,
a mechanism for moving the platform relative to the feed
head assembly, and device for controlling operation of the
platform moving mechanism. The control device determines
a selected parameter of a stack of sheets on the platform and
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produces a signal corresponding thereto. The speed of the
platform moving mechanism is then set based on the param-
cter signal.

The 1nvention, and its objects and advantages, will
become more apparent in the detailed description of the
preferred embodiment presented below.

BRIEF DESCRIPTION OF THE DRAWINGS

In the detailed description of the preferred embodiment of
the 1nvention presented below, reference 1s made to the
accompanying drawings, in which:

FIG. 1 1s a top plan view of a top feed vacuum corrugated
receiver sheet supply and feeding apparatus, including a
mechanism for sensing sheet stack height and curl to accu-
rately control sheet feed, according to this invention, with
portions of such apparatus removed or broken away to
facilitate viewing;

FIG. 2 1s a side elevational view the top feed vacuum
corrugated receiver sheet supply and feeding apparatus
particularly showing the mechanism for moving the sheet
stack supporting platform;

FIG. 3 1s a side elevational view of a cross-section of the
top feed vacuum corrugated receiver sheet supply and
feeding apparatus of FIG. 1, taken along lines 3—3 of FIG.
1;

FIG. 4 1s a schematic view of the sheet stack supporting
platform control circuit;

FIG. 5 1s an end view, on an enlarged scale and with
portions removed, of a portion of the receiver sheet supply
and feeding apparatus, particularly showing the feed head
assembly thereof, taken along the lines 5—35 of FIG. 3;

FIG. 6 1s a view, 1n perspective, ol the receiver sheet
supply and feeding apparatus, particularly showing the
sensor for detecting height of the sheet stack relative to the
sheet feed head assembly, and the marginal edge curl
sensors; and

FIG. 7 1s a rear elevational view of the apparatus shown
in FIG. 6.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to the accompanying drawings, FIGS. 1, 2,
and 3 generally show an exemplary top feed vacuum cor-
rugated receiver sheet supply and feeding apparatus such as
that disclosed 1n the aforementioned U.S. Pat. No. 5,344,
133, for use with a reproduction apparatus of any well
known type. Such top feed vacuum corrugated receiver sheet
supply and feeding apparatus, designated generally by the
numeral 10, 1s described herein only 1n such sufficient detail,
and with appropriate modifications as are necessary to
enable a full and complete understanding of the instant
ivention. The top feed vacuum corrugated receiver sheet
supply and feeding apparatus 10 incorporates an open hop-
per 12 and an elevating platform 14 for supporting a stack
of sheets. A sheet stack (designated by the letter S) supported
on the platform 14 contains individual sheets suitable for
serving as receiver sheets having reproductions formed
thereon 1n a reproduction apparatus such as a copier or
printer for example, or for separating or providing divisions
In a copy set.

Sheets 1n the stack S may be selected from a wide variety
of materials and sizes depending upon the desired end use.
The sheet stack supporting platform 14 1s supported within
the hopper 12 for substantially vertical elevational move-
ment by a suitable lifting mechanism L (see FIGS. 1 and 2).
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The lifting mechanism L serves to raise the platform 14 to
an elevation for maintaining the topmost sheet 1n the stack
S at a predetermined level during operation of the apparatus
10, and lower the platform to permit adding sheets thereto.
The lifting mechanism L includes a motor M, attached to the
outside of the upstanding front wall of the hopper 12. The
motor M rotates and output gear 16 in mesh with a gear 18a
mounted on a shaft 18 extending from the upstanding front
wall of the hopper 12 through the upstanding rear wall of the
hopper. A pair of pulley mounted lifting chains 20 are
respectively mterconnected through gears 185 with the shaft
18 to be moved about a closed loop path when the shaft 18
1s rotated by the motor M.

Each of the lifting chains has a link 22 extending through
slots 12a respectively 1n the front and rear upstanding walls
of the hopper 12. The links 22 are connected to respective
pulleys 24 mounted on a shaft 24a supported 1n brackets 245
(see FIG. 3) extending from the underside of the platform
14. Tension cables 26 are respectively connected, at the ends
26a, 26b thereof, to the front and rear upstanding wall of the
hopper 12. The cables are respectively threaded over their
assoclated pulleys 24 and under pulleys 28 mounted on a
shaft 28a supported in brackets 28b (see FIG. 3) extending
from the underside of the platform 14.

In FIG. 3, the sheet stack supporting platform 14 1s shown
1n 1ts most elevated position 1n solid lines, and 1n 1ts lowest
position 1n phantom. During the operation of the lifting
mechanism L, an appropriate signal to the motor M causes
the motor to rotate the gear 16, either clockwise (in FIG. 2)
to lower the platform 14 toward the lowest position or
counterclockwise to raise the platform toward its most
clevated position. Rotation of the gear 16 moves the lifting
chains 20 1n their closed loop paths imparting vertical
movement to the links 22. This movement, 1in turn, moves
the shaft 24a, and thus the platform 14 and its brackets 245
and pulleys 24. The platform 14 1s maintained substantially
level 1n 1ts movement by the action of the tension cables 26
which cooperatively move the pulleys 28 and thus the shaft
28a and brackets 28b of the platform. A sensor, such as a
potentiometer cooperating with the gear 16, produces a
signal to indicate the instantaneous height of the platform
14. The use of this signal will be discussed below.

A lift assist spring 19, more fully explained below, 1s
provided to aid in supporting the platform 14. Of course,
other precisely actuatable lifting mechanisms, such as worm
gears or scissors linkages, are suitable for use 1n elevation
control for the sheet stack supporting platform according to
this invention. The drive for the motor M to maintain the
topmost sheet 1n the stack S supported on the platform 14 at
the predetermined level (or to lower the platform) is accom-
plished by a control mechanism 100, according to this
invention. The control mechanism 100 regulates operation
of the motor M for actuating the lifting mechanism L, 1n the
manner to be explained hereinbelow, to selectively raise the
platform 14 through a predetermined increment or lower the
platform.

A sheet feed head assembly, generally designated by the
numeral 30, 1s located 1n association with the hopper 12 so
as to extend over a portion of the platform 14 1n spaced
relation to a sheet stack supported thereon. The sheet feed
head assembly 30 includes a ported plenum 32 connected to
a vacuum source V, and an air jet device 40 connected to a
positive pressure air source P. A positive pressure air jet from
the device 40 levitates the top sheets 1n the supported sheet
stack S, while vacuum at the plenum 32 is effective through
to cause the topmost levitated sheet from the stack to
thereafter be acquired at the plenum for separation from the
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sheet stack. Additional positive pressure air jets from the
device 40 assure separation of subsequent sheets from the
acquired topmost sheet.

The lower surface 32a of the plenum 32 of the sheet feed
head assembly 30 has a particularly configured shape
(shown in FIG. §) so as to provide for corrugation of an
acquired sheet. Such lower surfaces of the plenum respec-
tively include spring-urged plates 80 pivotably connected to
the plenum. The plates 80 serve a dual function; that 1is, the
plates (1) act on the sheet stack in a manner to increase the
reliability of feeding of a wide range of sheet types, and (2)
enable detection of the marginal edges of the sheet stack, for
the purpose to be explained below.

With regard to the action of the plates 80 on the opposed
marginal edges of the sheet stack S, as the top sheets 1n the
supported sheet stack are levitated, the topmost sheet con-
tacts the plates. An optimal pressure 1s exerted on the
opposed marginal edges of the sheet parallel to the feed
direction indicated by the arrow A (cross-track edges) by the
plates 80 to help 1 forming a controlled corrugation to the
sheet. The shape (location) of the plates 80 and the force
which they exert on the sheet stack by the spring-urging 1s
preselected to ensure reliable feeding for a wide range of
sheet size and types. The pressure on the sheet stack by the
plates 1s 1n the range which 1s sufficient to prevent uncon-
trolled lifting of the marginal edges from the remainder of
the sheets 1n the stack, but less than an amount which would
result 1n significant pinching of the sheets which may cause
misieeding or skewing of fed sheets. Similarly, the plates are
shaped to assume a location (see FIG. 1) relative to the air
jet device 40 1n a spaced range sufficient to prevent misieeds
and/or uncontrolled lifting of the opposed marginal edges.
The pressure exerted on the sheet stack by the plates 80, and
their location, are selected such that the plates do not unduly
inhibit the levitating air stream from passing through the

sheet stack and out the rear thereof, as discussed below.

The controlled corrugation of the sheet establishes a
consistent spacing for the center portion of the sheet from
the center portion of the plenum 32. As such, the access time
for a sheet to be acquired at the plenum 1s repeatably
consistent and readily predictable. The interactions of the
plenum 32, the air jet device 40, and a front stop (designated
by the numeral 60) assure that control over the sheet as it 1s
acquired at the plenum 1s never lost. Further, corrugation of
the sheet contorts the sheet in an unnatural manner. Since
subsequent sheets are not subjected to the same forces, at the
same time, as 1S the topmost sheet, such subsequent sheets
are unable to contort 1n the same manner. Accordingly, the
subsequent sheets are effectively separated from the topmost
sheet as 1t 1s bemng acquired at the plenum.

The sheet feed head assembly 30 additionally includes a
belt mechanism 34 for transporting an acquired sheet 1 a
feed direction (designated by the arrow A in FIGS. 1 and 3)
away from the sheet stack S toward a downstream location.
The belt transport mechanism 34 has a plurality of belts 36
entrained about rollers 38 to establish a closed loop path
about the plenum 32. The lower runs of the belts 36 are 1n
intimate contact with the lower surface 32a of the plenum 32
(see FIG. §5). The acquired sheet from the sheet stack S is
cliectively tacked to the belts by air pressure resulting from
the application of vacuum 1in the plenum 32 through the
plenum ports 32p and the belt ports 36p. The acquisition of
the sheet 1s aided by the plates 80 which increase the
impedance to air flow above the top of the sheet stack S nto
the vacuum plenum 32, and thus improve the efficiency of
the vacuum action 1n acquiring the topmost sheet.

The belts 36 are selectively driven in a direction (counter-
clockwise in FIG. 3) to remove the acquired sheet from the
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arca above the sheet stack S and transport the sheet 1n the
feed direction A along a travel path to a downstream
transport, such as driven feed nip roller pair 50. Accordingly,
the belts 36 are selectively driven so as to feed an acquired
sheet such that the acquired sheet 1s transported from the
sheet stack S and 1s thereafter available for any further
processing, such as receiving a reproduction from a copier
or printer, for example.

The hopper 12 incorporates a front stop 60, a rear stop 62
and side stops 64 arranged to engage the marginal edges of
a sheet stack S supported on the platform 14 and accurately

locate the sheet stack 1n register relative to the sheet feed
head assembly 30. The location of the side stops 64 are
detected by a sensor 64s. The sensor 64s provides a signal
representative of the position of the side stops, correspond-
ing to the length (cross-track dimension) of the sheet stack.
The use of this signal will be discussed below. The front stop
60 additionally provides a lead edge guide for the topmost
sheet 1n the sheet stack as it 1s removed from the stack for
acquisifion, and also serves as a retard mechanism for any
sheets adhering to the topmost sheet as 1t 1s removed. The
positive pressure air jet device 40 of the sheet feed head
assembly 30 1s located adjacent to the front stop 60 on the
opposite side thereof from the sheet supporting platform 14.
As noted above, the air jet device 40 1s for the purpose of
levitating the top sheets in the sheet stack S and separating
subsequent sheets adhering to the topmost sheet when
acquired for removal from the sheet stack.

The positive pressure air jet device 40 mncludes a first air
jet arrangement 42 and a second air jet arrangement 44. The
first air jet arrangement 42 mcorporates a single nozzle 42a
in flow communication with a source of positive pressure air
P. The nozzle 42a 1s located substantially along the center
line C (see FIG. 1) of the sheet stack S, in the cross-track
direction, and 1s aimed at the location where the top of the
sheet stack will be positioned by the sheet support platform
14. The single nozzle 42a directs a high pressure air stream
at the sheet stack, 1n the center of the lead edge, to flufl the
top several sheets 1n the stack to bring the topmost sheet mnto
association with the sheet feed head assembly 30 where it
can be acquired, by vacuum, at the plenum 32.

The top sheets 1n the sheet stack S begin separation
between each sheet and the topmost sheet rises, along its
center line C, to a controlled height above the sheet stack.
Once the sheets have started to levitate (fluff up) in the
center, the topmost sheet will and the opposed marginal
edges will lift the plates 80. Such lifting action continues
until the down forces due to the plates (i.e., the weight and
spring urging for the plates) are balanced by the up forces
due to the air stream. The air flow going 1nto the stack will
1deally be allowed to proceed through the stack out the rear
thereof, with some finding its way out through the sides of
the stack.

The second air jet arrangement 44 incorporates a plurality
of nozzles 44a (preferably six in number) in common flow
communication with the source of positive pressure air P (or,
alternatively, a second separate source of pressurized air).
The nozzles 44a are aimed at the location where the top of
the sheet stack will be positioned by the sheet support
platform 14, and slightly downstream of the aim point for
the first air jet nozzle 42a (see FIG. 4). The purpose of the
seccond air jet arrangement 44 1s to separate any sheets
adhering to the topmost sheet acquired by the sheet feed

head assembly 30 for removal and transport from the sheet
stack S.

As noted above, the hopper 12 also incorporates a rear
stop 62. The rear stop 62 1s necessary to prevent sheets
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levitated from the sheet stack S by the first air jet arrange-
ment 42 from moving toward the rear (relative to the sheet
stack) by the positive air pressure exerted on the sheets. The
rear stop 62 is adjustably mounted (on guide rods for
example) for selective positioning in the sheet feed direction
A so as to positively engage the rear edge of a sheet stack,
of any of a variety of dimensions in the sheet feed direction,
supported on the platform 14 and engaged at 1ts lead edge
with the front stop 60. The rear stop 62 1s manually movable
along guide rods to a selected position corresponding to a
dimension of the sheet stack in the in-track direction
(measured from the front stop 60). A sensor 62s detects the
location of the rear stop 62. Sensor 62s produces a signal
representative of the position of the rear stop 62, correspond-
ing to the width of the sheet stack. The use of this signal will
be discussed below. If desired, the rear stop 62 may include
a loading device 78, such as a leal spring, for exerting
pressure on the top portion of the sheet stack S (and the
levitated sheets) to assure that the sheets are maintained in
register against the front stop 60.

The levitated sheets are maintained by the rear stop 1n
their position relative to the sheet stack against the front stop
60. However, 1t 1s important that the positive air flow from
the air jet device 40 between the levitated sheets be allowed
to escape from the rear of the sheets. If the air flow were to
be restricted, the corrugation of the topmost sheet will
become unpredictable and thus the efficiency in acquiring
the sheet by the sheet feed head assembly 30 will be
substantially reduced. Accordingly, the rear stop 62 1is
formed as two substantially identical assemblies spaced
apart on opposite sides of the supported sheet stack center
line C. Of course, a single assembly with a large opening
spanning the area through which the air flow can pass
substantially unrestricted 1s also suitable for use with the
apparatus 10.

A device 90 (such as described in the provisional U.S. Pat.
application Ser. No. 60/002109) is provided for facilitating
handling sheets with the sheet supply and feeding apparatus
10 described above. The apparatus 90 (best seen in FIGS. 1,
6, and 7) includes a pair of weighted members 92a, 925
adapted to rest on the top of the sheet supply stack S
supported on the platform 14. The weighted members 924,
92b, configured generally in the shape of skis, are respec-
tively connected by arms 94 to the feed head assembly 30 at
the rear portion thereof. The respective arms 94 are pivot-
ably connected at one end to the feed head assembly 30 and
at the other end to a weighted member. As such, the
welghted members 92a, 92b respectively extend from the
feed head assembly 30 and readily follow the top of the sheet
supply stack S as the topmost sheet 1s acquired by the feed
head assembly. Specifically, FIG. 7 shows the sheet supply
stack S with the weighted members 924, 92b 1n engagement
with the topmost sheet in solid lines before acquisition by
the feed head assembly 30, and in phantom lines after the
topmost sheet has been acquired by the feed head assembly.

The location of the weighted members 92a, 926 1s
selected such that they respectively contact the sheet supply
stack S upstream, in the direction of sheet feed (represented
by the arrow A) from the sheet supply stack, of the feed head
assembly 30 (see FIG. 6). The weighted members 92a, 925
apply a force to the sheet supply stack S, such force having
at least a component 1n a direction relative to such sheet
supply stack to prevent individual sheets (such as sheets of
tab stock for example) in such stack from prematurely
moving out of registered control of the feed head assembly
30. That 1s to say, as explained above, the separating air jets
of the pressurized air jet device 40 direct a positive flow of
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air at the top portion of the sheet supply stack S 1n a direction
having a component opposite to the direction of sheet feed
by the feed head assembly 30. Further, the rear marginal
cdge of the sheet supply stack S may not be completely
restrained by the rear stop 62 due to the unevenness
resulting, for example, from tab portions of individual
sheets. Thus, when the topmost sheet 1s acquired by the feed
head assembly 30, individual sheets beneath the topmost
sheet will be urged by the positive air flow 1n the direction
opposite the feed direction. Accordingly, the weighted mem-
bers 92a, 92b are arranged to prevent such sheets from
moving out of the proper area for later registered acquisition
by the feed head assembly which otherwise may lead to
failure to subsequently acquire such sheets, or in misregis-
tfration of acquired sheets.

The weighted members 92a, 92b are arranged to act on
the sheet supply stack S to maintain the individual top
sheets, below the acquired sheet, 1n frictional engagement, at
least over a portion thereof. As such, the weighted members
coniine the volumetric space, and thus the space for the air
flow, between the acquired sheet and the subsequent sheets
to 1ncrease the pressure on the stack beneath the acquired
sheet. The 1ncreased pressure provides a significant friction
force on the sheets 1n the sheet stack sufficient to counter the
force of the positive air flow urging the sheets i1n the
direction opposite to the feed direction. At the same time, the
welghted members 92a, 92b will enable the acquired Sheet
to assume the desired corrugated shape and allow the
positive air flow to pass through the sheet stack and out
through the rear stop 62. As a result, individual sheets will
be prevented from movmg in the direction opposite to the
feed direction, while the effectiveness of the positive air flow
for sheet separation will not be negatively impacted.

As noted, 1t 1s 1important to maintain the topmost sheet of
the sheet stack S on the supporting platform 14 within a
specified operating window of stack travel to maintain
reliable sheet feeding form the stack by the sheet feed head
assembly 30. The operating window upper limit 1s deter-
mined by the minimum distance between the topmost sheet
of the stack and the sheet feed head assembly 30, and the
operating window lower limit 1s determined by the maxi-
mum distance between the topmost sheet and the sheet feed
head assembly that would allow reliable acquisition of the
topmost sheet thereby. The reliability of sheet feeding is
dependent upon how closely the stack supporting platform
lifting mechanism L maintains the topmost sheet within this
operating window. Of course, maximum feeding reliability
would be obtained by setting the operating window as
narrow as feasible around the most favored operating point.

According to this invention, the examination of certain
sheet stack parameters 1s useful in controlling stack height to
maintain the topmost sheet at the desired operating point
relative to the sheet feed head assembly 30 in order to
provide for reliable feeding from a narrow operating win-
dow. The particular parameters that have been here selected
for effective control are the height, width, and length of the
sheet stack S. These parameters can be used individually, or
together (representing, in effect, the weight of the stack) to
modify the drive control for the motor M of the lifting
mechanism L based on variations in the sheet stack.
Specifically, the speed of the motor M 1s adjusted to accom-
modate for the weight of the sheet stack 1n order to minimize
overshoot of the stack elevation by the lifting mechanism L
in relation to the narrow operating window when the stack
1s mncremented while feeding of sheets seriatim from the
stack. A drive command that determines, for example, the
terminal voltage of the motor M (and thus the output speed
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thereof) is correspondingly reduced as the particular sheet
stack parameter (e.g., weight) is reduced. This action
becomes more 1important as the maximum size of the sheet
stack 1s increased to provide larger supply capacities on the
platform 14 and/or for feeding large sized sheets. Of course
other sheet stack parameters (such as the position of the
stack, movement of the stack, thickness of sheets or number

of sheets on the stack for example) may be utilized in
accordance with this 1invention.

As described with reference to the preferred embodiment,
the selected parameter for improving the control for the
motor M of the lifting mechanism L for the drive for the
sheet stack supporting platform 14 1s the welght of the sheet
stack supported on the platform 14. The maximum weight
stack supported on the platform requires sufficient motor
terminal voltage to lift the maximum load on the platform
14. However, the level of motor terminal voltage to provide
for lifting of the maximum load would then provide a higher
level of speed at lower levels of stack weight. Such higher
motor speed would result 1n a reduction 1n the reliability for
accurately controlling positioning of the platform within the
desired narrow window of operation. Specifically, a speed
higher than required would result in a larger amount of
motor coast at the completion of the increment 1 stack
position than would occur if the terminal voltage was
reduced for the lighter stack weights. Therefore, stack
welght 1nformation 1s used to alter the motor terminal
voltage to obtain a less aggressive drive as the sheets are
removed form the stack. That 1s, by altering the terminal
voltage for the motor, based on the sheet stack weight
parameters, the motor torque applied to the stack supporting,
plattorm 14 to elevate the platform is correspondingly
altered 1n a manner which serves to incrementally elevate
the platform (and thus the stack) over the range including the
maximum stack weight condition to the minimum stack
welght condition without resulting 1n excessive speeds for
lighter stack weights.

The motor M of the lifting mechanism L for the sheet
supply stack supporting platform 14 1s a DC gear motor. The
motor M operates to elevate the platform at a first speed to
ciiiciently locate the topmost sheet 1n the sheet stack at an
incremental advance position (1.e., the lower limit of the
operating window). The first speed is generally set to be
relatively fast so as to provide quick response time for
location of the sheet stack at approximately the lower limait
of the operating window (the platform 1s also lowered at this
first speed to rapidly position the platform for reloading).
The speed of the motor 1s then significantly reduced over the
final travel of the platform to a second speed to locate the
topmost sheet 1n the stack at the sheet level sensor 110
associated with the sheet feed head assembly 30 (i.e., the
upper limit of the operating window). As sheets are fed from
the stack on the platform 14 by the sheet feed head assembly
30, the stack level will approach the lower limit of the
operating window. An appropriate signal 1s then produced to
actuate the motor M to elevate the platform, at the second
reduced speed, an incremental advance distance sufficient to
raise the topmost sheet 1n the stack to the upper limit of the
operating window.

The torque on the motor M 1s selected to be sufficient to
drive the sheet stack supporting platform to the operating
position at the level sensor 110 (i.e., the upper limit of the
operating window) at the reduced second speed. The speed
must be reduced sufliciently to substantially eliminate over-
shoot by the sheet stack relative to the level sensor actuating
points during each incremental advance event so that the
number of sheets fed between incremental advance events 1s
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minimized. Minimizing the number of sheets fed between
incremental advance events minimizes the variability of the
gap between the sheet feed head assembly 30 and the
topmost sheet 1n the stack on the platform 14 during the
sheet feeding operation.

As noted above, a lift assist spring 19 may be incorporated
in the lifting mechanism L (see FIG. 2). The spring 19 is, for
example, a torsion spring wrapped about the shaft 18 and
coupled at one end to the shaft and at the other end to the

oecar 18a. As such, the torsion spring will provide a torque
directly proportional to the distance between the supporting
platform 14 and the sheet feed head assembly 30. When the
platform 14 is driven down (lowered) by the motor M, the
spring 1S torsionally wound to store the energy needed to
assist the motor 1n raising the platform when supporting a
sheet stack thereon. This spring assist partially accommo-
dates for variations in stack thickness (weight) by reducing
spring force as the sheets are fed from the stack on the
platform 14 and the thickness of the stack accordingly
decreases. The spring 1s designed to accommodate approxi-
mately one third to one half of the sheet stack load on the
platform, while the motor M 1s required to handle the
remaining stack load. The motor must accommodate the
remaining paper stack load for various paper sizes (lengths
and widths) requiring a large variation in motor torque for
maximum to minimum paper stack weights respectively. Ot
course other types of lift assist springs are suitable for use
with this invention. For example, the lift assist springs may
be appropriately configured extension or compression
Springs.

In order to determine the required terminal voltage for the
motor M, the appropriate sheet stack parameters are col-
lected and transformed to the corresponding terminal volt-
age signal. With the stack weight selected as the desired
terminal voltage determining parameter, the atorementioned
signals from sensors 62s and 64s (which provide signals
representative of the length and width for a particular sheet
stack on the platform 14) are collected. Such signals are
combined with a signal representing the height of the sheet
stack on the platform 14 to yield a signal representative of
the 1nitial weight of the sheet stack. Of course, the length and
width signals are constant for a given stack, but change as
e size of the material with different stacks change. The
rive command for the 1nitial terminal voltage 1s accordingly
ecreased as the length and/or width of the stack material 1s
ecreased. After the initial terminal voltage 1s determined, as
sheets are fed from the stack and the weight of the stack
correspondingly decreases, the platform height signal from
a platform height sensor (potentiometer associated with gear
16) 1s used to decrease the motor terminal voltage.

The length, width and height signals are not applied
during the high speed travel of the stack to the incremental
advance position (i.e., from the lowered location up to the
lower limit of the operating window), but are electronically
applied to the drive circuitry at and above the imncremental
advance position where the speed of the stack drive 1s
reduced to the level desired for accurately incrementally
advancing the topmost sheet of the stack within the desired
narrow operating window for the feed head assembly 30.
The drive thus maintains the top sheet on the stack within the
incremental advance operating window during the feeding
operation to assure reliable feeding.

Of course, other motors are suitable for use with this
invention, such as for example a stepper motor where the
clock rate therecof 1s altered based on a selected stack
parameter. Further, the stepper motor can be sized to provide
proper drive at desired speed with various stack weights by

t
C
C
C

10

15

20

25

30

35

40

45

50

55

60

65

10

using the weight information. When a stepper motor 1s used
to elevate the sheet stack supporting platform, the signals
representing the length and width of a supported sheet stack
(along with the height of the sheet stack) are only used to
determine the representation of the stack weight to optimize
the speed (step rate) over the high speed portion of the
clevation of the platform so as to minimize the lift time from
a down position to the incremental advance operating win-
dow. During the slow speed portion of the platform elevation
(the incremental advance portion), the representation of the
stack weight may be used to select a reduced 1dle current of
the stepper motor to hold the stack at a location within the
operating window. Reduction 1n the 1dle current results 1n a
corresponding reduction in power consumption and heat
generation by the stepper motor.

The invention has been described 1n detail with particular

reference to preferred embodiments thereof, but 1t will be
understood that variations and modifications can be eftected

within the spirit and scope of the invention as set forth 1n the
claims.

What 1s claimed 1s:

1. A sheet feeder having a platform for supporting a stack
of sheets, a feed head assembly for feeding sheets seriatim
from the top of a sheet supply stack on said platform, means
for moving said platform relative to said feed head assembly,
and means for controlling operation of said platform moving,
means, said control means comprising:

means for determining a selected parameter of a stack of

sheets supported on said platform and producing a
signal corresponding to such parameter, said selected
parameter determining means including means for sub-
stantially determining the area of the stack of sheets
supported on said platform and producing a signal
corresponding thereto, means for determining the
height of the stack of sheets supported on said platform
and producing a signal corresponding thereto, and
means for summing the substantial area signal and the
height signal to produce a signal substantially repre-
sentative of the weight of the sheet supply stack; and
means for setting the speed of said platform moving
means based on said selected stack parameter signal.

2. The sheet feeder of claim 1 wherein, 1n said control
means for said platform moving means, said means for
determining the substantial areca of the stack of sheets
supported on said platform includes means for determining
the length of a stack of sheets supported on said platform and
producing a signal corresponding thereto, and means for
determining the width of a stack of sheets supported on said
platform and producing a signal corresponding thereto, and
means for summing the corresponding length signal and the
corresponding width signal.

3. The sheet feeder of claim 1 wherein said platform
moving means 1ncludes a motor, and said speed setting
means of said control means for said platform moving
means includes means, operative as sheets are fed from said
sheet stack supported on said platform thereby decreasing
the weight of such sheet stack, for correspondingly decreas-
ing the speed of said motor.

4. The sheet feeder of claim 1 wherein said platform
moving means includes a motor, and said speed setting
means of said control means for said platform moving
means includes means for setting the speed of said motor at
a first speed until said platform moves said sheet stack
supported thereon 1nto operative association with said feed
head assembly, and thereafter setting the speed of said motor
at a second, slower speed which 1s correspondingly
decreased as sheets are fed from said sheet stack, supported
on said platform, thereby decreasing the weight of such
sheet stack.
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5. The sheet feeder of claim 4 wheremn said platform
moving means further includes resilient means for assisting
in the moving of said platform.

6. An apparatus for feeding sheets seriatim from the top
of a sheet supply stack, said apparatus imncluding means for
supporting a sheet supply stack, a sheet feed head assembly
having means for acquiring a sheets from the sheet supply
stack and urging acquired sheets seriatim 1n a direction away
from the sheet supply stack, a motor 1n operative association
with said sheet stack supporting means for selectively
clevating said sheet stack supporting means so as to main-
tain the topmost sheet 1n such stack at a predetermined level
in spaced relation with respect to said acquiring and urging
means of said sheet feed head assembly, and means for
controlling operation of said motor for elevating said sheet
stack supporting means, said control means comprising:

means for determining a selected parameter of a stack of
sheets supported on said sheet stack supporting means
and producing a signal corresponding thereto; and

means for setting the speed of said motor at a first speed
until said sheet stack supporting means elevates said
sheet stack supported thereon into operative association
with said sheet feed head assembly, and thereafter, 1n
response to said selected stack parameter signal, setting
the speed of said motor at a second, slower speed which
1s correspondingly decreased as sheets are fed from
said sheet stack, supported on said sheet stack support-
ing means, thereby changing such parameter.

7. The sheet feeding apparatus of claim 6 wheremn said
motor 1s a DC motor, and said speed setting means of said
motor control means i1ncludes means for correspondingly
varying the terminal voltage of said DC motor based on said
selected stack parameter signal.

8. The sheet feeding apparatus of claim 7 wherein, 1n said
control means, said means for determining a selected param-
eter of said stack of sheets supported on said platform
includes means for determining, substantially, the weight of
such sheet stack.

9. The sheet feeding apparatus of claim 8 wherein, 1n said
control means, said means for substantially determining the
welght of said stack of sheets supported on said sheet stack
supporting means includes means for substantially deter-
mining the area of the stack of sheets supported on said sheet
stack supporting means and producing a signal correspond-
ing thereto, means for determining the height of the stack of
sheets supported on said sheet stack supporting means and
producing a signal corresponding thereto, and means for
summing the substantial area signal and the height signal to
produce a signal substantially representative of the weight of
the sheet supply stack.

10. The sheet feeding apparatus of claim 9 wherein, 1n
said control means, said means for determining the substan-
fial area of the stack of sheets supported on said sheet stack
supporting means includes means for determining the length
of a stack of sheets supported on said sheet stack supporting
means and producing a signal corresponding thereto, and
means for determining the width of a stack of sheets
supported on said sheet stack supporting means and produc-
ing a signal corresponding thereto, and means for summing
the corresponding length signal and the corresponding width
signal.

11. The sheet feeding apparatus of claim 6 wherein said
motor 1s a stepper motor, and said speed setting means of
said motor control means includes means for correspond-
ingly altering the clock rate thereof based on said selected
stack parameter signal.
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12. With an apparatus for feeding sheets seriatim from the
top of a sheet supply stack, said apparatus including a
platform for supporting a sheet supply stack, a sheet feed
head assembly having means for acquiring a sheets from the
sheet supply stack and urging acquired sheets seriatim 1n a
direction away from the sheet supply stack, and a motor in
operative assoclation with said sheet stack supporting plat-
form for selectively elevating said platform so as to maintain
the topmost sheet 1n such stack at a predetermined level in
spaced relation with respect to said acquiring and urging
means of said sheet feed head assembly, a method for
controlling operation of said motor for elevating said sheet

stack supporting platform, said method comprising the steps
of:

determining a selected parameter of a stack of sheets
supported on said sheet stack supporting platform and
producing a signal corresponding thereto;

setting the speed of said motor at a first speed until said
motor elevates said sheet stack supporting platform to
a location where said sheet stack supported thereon 1s
In operative association with said sheet feed head
assembly; and

thereafter, 1n response to said selected stack parameter
signal, setting the speed of said motor at a second,
slower speed which 1s then correspondingly decreased
as sheets are fed from said sheet stack, supported on
said sheet stack supporting platform, thereby changing
such parameter signal.

13. The method for controlling said motor for said sheet
stack supporting platform of claim 12 wherein when said
motor 15 a DC motor, said speed setting step includes the
step of correspondingly varying the terminal voltage of said
DC motor based on said selected stack parameter signal.

14. The method for controlling said motor for said sheet
stack supporting platform of claim 13 wherein said step for
determining a selected parameter of said stack of sheets
supported on said platform includes the step of determining,
substantially, the weight of such sheet stack.

15. The method for controlling said motor for said sheet
stack supporting platform of claim 14 wherein said step of
determining the substantial weight of said stack of sheets
supported on said platform includes the steps of substan-
fially determining the area of the stack of sheets supported
on said platform and producing a signal corresponding
thereto, determining the height of the stack of sheets sup-
ported on said platform and producing a signal correspond-
ing thereto, and summing the substantial area signal and the
height signal to produce a signal substantially representative
of the weight of the sheet supply stack.

16. The method for controlling said motor for said sheet
stack supporting platform of claim 15 wherein said step of
determining the substantial areca of the stack of sheets
supported on said platform includes the steps of determining
the length of a stack of sheets supported on said platform and
producing a signal corresponding thereto, and determining
the width of a stack of sheets supported on said platform and
producing a signal corresponding thereto, and summing the
corresponding length signal and the corresponding width
signal.

17. The method for controlling said motor for said sheet
stack supporting platform of claim 12 wherein when said
motor 1s a stepper motor, said speed setting step includes the
step of correspondingly altering the clock rate of the stepper
motor based on said selected stack parameter signal.
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